Background Background Despite the high
Despite the high prevalence of cannabis use in prevalence of cannabis use in schizophrenia, few studies have examined schizophrenia, few studies have examined the potential relationship between the potential relationship between cannabis exposure and brain structural cannabis exposure and brain structural abnormalities in schizophrenia. abnormalities in schizophrenia.
Aims Aims To investigate prefrontal grey and
To investigate prefrontal grey and white matter regions in patients white matter regions in patients experiencing a first episode of experiencing a first episode of schizophrenia with an additional diagnosis schizophrenia with an additional diagnosis of cannabis use or dependence ( of cannabis use or dependence (n n¼20) 20) compared with similar patients with compared with similar patients with no cannabis use ( no cannabis use (n n¼31) and healthy 31) and healthy volunteers ( volunteers (n n¼56). 56).
Method Method Volumes of the superior
Volumes of the superior frontal gyrus, anterior cingulate gyrus and frontal gyrus, anterior cingulate gyrus and orbital frontallobe were outlined manually orbital frontallobe were outlined manually from contiguous magnetic resonance from contiguous magnetic resonance images and automatically segmented into images and automatically segmented into grey and white matter. grey and white matter.
Results

Results Patients who used cannabis
Patients who used cannabis had less anterior cingulate grey matter had less anterior cingulate grey matter compared with both patients who did not compared with both patients who did not use cannabis and healthy volunteers. use cannabis and healthy volunteers.
Conclusions Conclusions A defect in the anterior
A defect in the anterior cingulate is associated with a history of cingulate is associated with a history of cannabis use among patients experiencing cannabis use among patients experiencing a first episode of schizophrenia and could a first episode of schizophrenia and could have a role in poor decision-making and in have a role in poor decision-making and in choosing more risky outcomes. choosing more risky outcomes.
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The prevalence of cannabis use in schizoThe prevalence of cannabis use in schizophrenia can range up to 43% (Bersani phrenia can range up to 43% (Bersani et et al al, 2002) and poses unique treatment chal-, 2002) and poses unique treatment challenges (Green lenges (Green et al et al, 2004) . The use of can-, 2004) . The use of cannabis in schizophrenia tends to be nabis in schizophrenia tends to be associated with earlier age at first psychotic associated with earlier age at first psychotic episode, especially among male patients episode, especially among male patients (Van Mastrigt (Van Mastrigt et al et al, 2004) , and is asso-, 2004), and is associated with an unfavourable outcome (Henciated with an unfavourable outcome (Henquet quet et al et al, 2005) . Although numerous , 2005) . Although numerous studies have identified frontal brain strucstudies have identified frontal brain structural abnormalities in schizophrenia (Goldtural abnormalities in schizophrenia (Goldstein stein et al et al, 1999; Gur , 1999; Gur et al et al, 2000) , little , 2000), little research has been directed at understanding research has been directed at understanding the potential association between these the potential association between these abnormalities and cannabis use. Animal abnormalities and cannabis use. Animal studies suggest that using studies suggest that using D D 9 9 -tetrahydrocan--tetrahydrocannabinol, the main psychoactive component nabinol, the main psychoactive component of cannabis, may be neurotoxic to the fronof cannabis, may be neurotoxic to the frontal lobes (Verrico tal lobes (Verrico et al et al, 2003) , which are , 2003), which are believed to have a key role in the believed to have a key role in the neurobiology of schizophrenia (Goldmanneurobiology of schizophrenia (GoldmanRakic & Selemon, 1997) . In this study we Rakic & Selemon, 1997) . In this study we investigated three prefrontal cortical reinvestigated three prefrontal cortical regions (the superior frontal gyrus, anterior gions (the superior frontal gyrus, anterior cingulate gyrus and orbital frontal lobe) cingulate gyrus and orbital frontal lobe) implicated in drug addiction (Goldstein & implicated in drug addiction (Goldstein & Volkow, 2002; Tucker Volkow, 2002; Tucker et al et al, 2004 Tucker et al et al, ), in a , 2004 , in a sample of patients with a first episode of sample of patients with a first episode of schizophrenia with or without a history of schizophrenia with or without a history of cannabis use compared with healthy voluncannabis use compared with healthy volunteers. We tested the hypothesis that patients teers. We tested the hypothesis that patients with the dual diagnosis would have greater with the dual diagnosis would have greater prefrontal structural abnormalities comprefrontal structural abnormalities compared with patients who did not use cannapared with patients who did not use cannabis and with healthy volunteers. bis and with healthy volunteers.
METHOD METHOD
The 51 patients included in this study were The 51 patients included in this study were recruited from admissions to the in-patient recruited from admissions to the in-patient service at the Zucker Hillside Hospital in service at the Zucker Hillside Hospital in Glen Oaks, New York, and were partici Glen Oaks, New York, and were participat-pating in clinical trials comparing the efficacy ing in clinical trials comparing the efficacy of atypical antipsychotic drugs. All patients of atypical antipsychotic drugs. All patients were interviewed using the Structured Clinwere interviewed using the Structured Clinical Interview for Axis I DSM-IV Disorders ical Interview for Axis I DSM-IV Disorders (SCID; First (SCID; First et al et al, 1994) and met DSM-IV , 1994 ) and met DSM-IV criteria (American Psychiatric Association, criteria (American Psychiatric Association, 1994) for schizophrenia ( 1994) for schizophrenia (n n¼36), schizo-36), schizoaffective disorder ( affective disorder (n n¼8) or schizophreni-8) or schizophreniform disorder ( form disorder (n n¼7). Of the 51 patients 7). Of the 51 patients with schizophrenia included in this study, with schizophrenia included in this study, 8 had a diagnosis of cannabis abuse and 8 had a diagnosis of cannabis abuse and 12 had a diagnosis of cannabis dependence. 12 had a diagnosis of cannabis dependence. Of the 20 patients with a diagnosis of either Of the 20 patients with a diagnosis of either cannabis abuse or dependence, 6 had a cannabis abuse or dependence, 6 had a diagnosis of alcohol abuse ( diagnosis of alcohol abuse (n n¼5) or depen-5) or dependence ( dence (n n¼1). Among the 6 patients who 1). Among the 6 patients who had a diagnosis of alcohol abuse or depenhad a diagnosis of alcohol abuse or dependence, other substance use diagnoses indence, other substance use diagnoses included cocaine abuse ( cluded cocaine abuse (n n¼1), hallucinogen 1), hallucinogen abuse ( abuse (n n¼1) and opioid dependence 1) and opioid dependence ( (n n¼1). None of the 14 patients with a diag-1). None of the 14 patients with a diagnosis of cannabis abuse or dependence had nosis of cannabis abuse or dependence had any other substance use diagnosis. Only 2 any other substance use diagnosis. Only 2 of the 31 patients without a diagnosis of of the 31 patients without a diagnosis of cannabis abuse or dependence had any cannabis abuse or dependence had any other substance use diagnosis (1 with alcoother substance use diagnosis (1 with alcohol abuse and 1 with alcohol dependence). hol abuse and 1 with alcohol dependence). Twenty-five patients were antipsychotic Twenty-five patients were antipsychotic drug-naıve at the time of the scan, including drug-naïve at the time of the scan, including 6 patients from the group with cannabis use 6 patients from the group with cannabis use and 19 patients from the group without and 19 patients from the group without cannabis use. The median duration of anticannabis use. The median duration of antipsychotic drug exposure from entry into the psychotic drug exposure from entry into the clinical trial and the magnetic resonance clinical trial and the magnetic resonance imaging examination was 0 weeks (range imaging examination was 0 weeks (range 0-34 weeks). 0-34 weeks).
Fifty-six healthy volunteers were reFifty-six healthy volunteers were recruited from local newspaper advertisecruited from local newspaper advertisements and through word of mouth in the ments and through word of mouth in the community and denied any history of psycommunity and denied any history of psychiatric or medical illness as determined chiatric or medical illness as determined by clinical interview and the non-patient by clinical interview and the non-patient version of the SCID (SCID-NP; Spitzer & version of the SCID (SCID-NP; Spitzer & Williams, 1988) . Thus, no one in the Williams, 1988). Thus, no one in the healthy comparison group had a substance healthy comparison group had a substance use diagnosis. Exclusion criteria for all use diagnosis. Exclusion criteria for all study participants included serious neurostudy participants included serious neurological or endocrine disorder, any medical logical or endocrine disorder, any medical condition or treatment known to affect condition or treatment known to affect the brain, and meeting DSM-IV criteria the brain, and meeting DSM-IV criteria for mental retardation. All procedures were for mental retardation. All procedures were approved by the local institutional review approved by the local institutional review board and written informed consent was board and written informed consent was obtained from all participants. obtained from all participants.
Classification of handedness was based Classification of handedness was based on a modified version of the Edinburgh Inon a modified version of the Edinburgh Inventory consisting of 20 items (Oldfield, ventory consisting of 20 items (Oldfield, 1971) . Participants with a laterality quoti-1971). Participants with a laterality quotient greater than 0.70 were classified as dexent greater than 0.70 were classified as dextral and the rest as non-dextral (Schachter tral and the rest as non-dextral (Schachter et al et al, 1987) . Handedness for 3 patients , 1987). Handedness for 3 patients without cannabis use and 9 healthy volunwithout cannabis use and 9 healthy volunteers was assessed solely on the basis of teers was assessed solely on the basis of handwriting preference. handwriting preference.
G R E Y-M AT T E R D E F I C I T S AND C ANNA B I S US E IN S CHI ZOP HR E NI A G R E Y-M AT T E R D E F I C I T S AND C ANNA B I S US E IN S CHIZOP HR E NI A
Imaging procedures Imaging procedures
Magnetic resonance imaging (MRI) scans Magnetic resonance imaging (MRI) scans were conducted at Long Island Jewish were conducted at Long Island Jewish Medical Center and were acquired in the Medical Center and were acquired in the coronal plane using three-dimensional fast coronal plane using three-dimensional fast spoiled gradient recalled acquisition witih spoiled gradient recalled acquisition witih inversion recovery (time to repetition) inversion recovery (time to repetition) 12.7 ms or 14.7 ms, echotime 4.5 ms or 12.7 ms or 14.7 ms, echotime 4.5 ms or 5.5 ms, field of view 22 cm) on a 1.5 T 5.5 ms, field of view 22 cm) on a 1.5 T whole-body superconducting imaging syswhole-body superconducting imaging system (General Electric, Milwaukee, Wiscontem (General Electric, Milwaukee, Wisconsin, USA). This sequence produced 124 sin, USA). This sequence produced 124 contiguous images (slice thickness 1.5 mm) contiguous images (slice thickness 1.5 mm) through the whole head with in-plane through the whole head with in-plane resolution of 0.86 mm resolution of 0.86 mm6 60.86 mm in a 0.86 mm in a 256 2566 6256 matrix.
256 matrix.
Measurement procedures Measurement procedures
All measurements were completed in All measurements were completed in MEDx (Sensor Systems, Sterling, Virginia, MEDx (Sensor Systems, Sterling, Virginia, USA). The images were aligned along the USA). The images were aligned along the anterior and posterior commissures for anterior and posterior commissures for standardisation across individuals and standardisation across individuals and flipped randomly in the right-left axis. flipped randomly in the right-left axis. Scans were mixed together randomly and Scans were mixed together randomly and no identifying information was available no identifying information was available to the operator from the scan. All measureto the operator from the scan. All measurements were thus completed by an operator ments were thus completed by an operator who was masked to group membership who was masked to group membership and hemisphere. and hemisphere.
Total intracranial contents Total intracranial contents
Measurement of total intracranial contents Measurement of total intracranial contents was completed in MEDx by computing was completed in MEDx by computing the volume of the total cerebrum, the volume of the total cerebrum, cerebrospinal fluid, cerebellum and braincerebrospinal fluid, cerebellum and brainstem. Interrater reliability between two stem. Interrater reliability between two raters as assessed by intraclass correlations raters as assessed by intraclass correlations in nine cases was 0.99. in nine cases was 0.99.
Frontal lobe subregions Frontal lobe subregions
Measurement of the frontal lobe subregions Measurement of the frontal lobe subregions was completed using methods described was completed using methods described previously (Szeszko previously (Szeszko et al et al, 1999) , which , 1999), which were adapted from Rademacher were adapted from Rademacher et al et al (1992) for use in our magnetic resonance (1992) for use in our magnetic resonance images. This method has been used in our images. This method has been used in our previous work (Szeszko previous work (Szeszko et al et al, 2000 (Szeszko et al et al, , 2004 , 2000, 2004) and utilises the cerebral sulci in combinaand utilises the cerebral sulci in combination with a set of coronal planes that close tion with a set of coronal planes that close the selected regions of interest. The boundthe selected regions of interest. The boundaries of the superior frontal gyrus were the aries of the superior frontal gyrus were the tip of the cingulate sulcus (anterior), the tip of the cingulate sulcus (anterior), the connection of the superior and precentral connection of the superior and precentral sulci (posterior), the superior frontal sulcus sulci (posterior), the superior frontal sulcus (lateral) and the cingulate sulcus (medial). (lateral) and the cingulate sulcus (medial). The boundaries of the anterior cingulate The boundaries of the anterior cingulate gyrus were the tip of the cingulate sulcus gyrus were the tip of the cingulate sulcus (anterior), the connection of the superior (anterior), the connection of the superior and precentral sulci (posterior), the callosal and precentral sulci (posterior), the callosal sulcus (ventral) and the cingulate sulcus sulcus (ventral) and the cingulate sulcus (dorsal). The boundaries of the orbital fron-(dorsal). The boundaries of the orbital frontal region were the last appearance of the tal region were the last appearance of the anterior horizontal ramus (anterior), the anterior horizontal ramus (anterior), the last appearance of the olfactory sulcus last appearance of the olfactory sulcus (posterior), the anterior horizontal ramus/ (posterior), the anterior horizontal ramus/ circular sulcus of insula (lateral) and the circular sulcus of insula (lateral) and the olfactory sulcus (medial) (Fig. 1) . Because olfactory sulcus (medial) (Fig. 1) . Because one of the limiting sulci required for meaone of the limiting sulci required for measurement of the orbital frontal region (the surement of the orbital frontal region (the anterior horizontal ramus) was not present anterior horizontal ramus) was not present in every hemisphere (Ono in every hemisphere (Ono et al et al, 1990; , 1990; Szeszko Szeszko et al et al, 1999) , orbital frontal vo-, 1999), orbital frontal volumes could not be computed for some indilumes could not be computed for some individuals (see Table 2 ). viduals (see Table 2 ).
All regions were outlined manually in All regions were outlined manually in the coronal plane on a slice-by-slice basis the coronal plane on a slice-by-slice basis and included both grey and white matter and included both grey and white matter ( Fig. 2  (Fig. 2) . After outlining the frontal region ). After outlining the frontal region of interest, the operator automatically segof interest, the operator automatically segmented it into grey and white matter using mented it into grey and white matter using a thresholding method generated from hisa thresholding method generated from histograms (Otsu, 1979), as described pretograms (Otsu, 1979) AUTHOR'S PROOF AUTHOR'S PROOF were repeated measures. Age was included were repeated measures. Age was included as a covariate because the groups differed as a covariate because the groups differed in age and because age correlated with the in age and because age correlated with the brain structure volumes. Intracranial volbrain structure volumes. Intracranial volume was included as a covariate to control ume was included as a covariate to control for non-specific differences in brain size for non-specific differences in brain size among individuals. Subsequent analyses examong individuals. Subsequent analyses excluded any patient with a substance use cluded any patient with a substance use diagnosis other than cannabis abuse or diagnosis other than cannabis abuse or dependence. Group differences in demodependence. Group differences in demographic variables were examined using graphic variables were examined using independent group independent group t t-tests. Chi-square tests -tests. Chi-square tests were used to examine differences in categowere used to examine differences in categorical variables. Analyses of frontal brain rical variables. Analyses of frontal brain structure volumes were conducted using structure volumes were conducted using two-tailed tests with two-tailed tests with a a¼0.017 (0.05 divided 0.017 (0.05 divided by number of brain regions). Results of by number of brain regions). Results of analyses for individual brain structure analyses for individual brain structure volumes are presented for descriptive volumes are presented for descriptive purposes only (see Table 2 ). purposes only (see Table 2 ).
RESULTS RESULTS
Sample characteristics for the two patient Sample characteristics for the two patient groups and the healthy comparison group groups and the healthy comparison group are given in Table 1 ). There were, however, significantly Table 1 ). There were, however, significantly more patients who were antipsychotic drugmore patients who were antipsychotic drugnaıve among the cannabis user group comnaïve among the cannabis user group compared with the non-cannabis user group pared with the non-cannabis user group ( (w w 2 2 ¼4.76, d.f.
4.76, d.f.¼1, 1, P P¼0.029). 0.029). Mean brain structure volumes for the Mean brain structure volumes for the three study groups are given in Table 2 , three study groups are given in Table 2 , along with the adjusted 95% confidence inalong with the adjusted 95% confidence intervals for the difference between group tervals for the difference between group means. The main finding that distinguished means. The main finding that distinguished the groups was a significant group-by-tissue the groups was a significant group- .020). Individual data 0.020). Individual data points illustrating total anterior cingulate points illustrating total anterior cingulate grey-matter volumes for the three groups grey-matter volumes for the three groups are provided in Fig. 3 . None of the interare provided in Fig. 3 . None of the interactions involving gender was statistically actions involving gender was statistically significant for the anterior cingulate. significant for the anterior cingulate. Neither the main effect of group nor Neither the main effect of group nor group-by-tissue type interaction was group-by-tissue type interaction was statistically significant for the orbital fronstatistically significant for the orbital frontal lobe (all tal lobe (all P P4 40.05). In addition, the main 0.05). In addition, the main effect of group was not statistically signifieffect of group was not statistically significant for the superior frontal gyrus. cant for the superior frontal gyrus. There also was a significant main effect There also was a significant main effect of hemisphere for the anterior cingulate of hemisphere for the anterior cingulate ( (F F 1, AUTHOR'S PROOF AUTHOR'S PROOF AUTHOR'S PROOF AUTHOR'S PROOF ES, effect size; FESZ, first-episode schizophrenia. 1. Volumes adjusted for age and total intracranial contents. 1. Volumes adjusted for age and total intracranial contents. 2. Owing to the absence of the anterior horizontal ramus volumes could not be computed for 5 healthy volunteers, 4 patients without cannabis use and 2 patients with cannabis use. 2. Owing to the absence of the anterior horizontal ramus volumes could not be computed for 5 healthy volunteers, 4 patients without cannabis use and 2 patients with cannabis use. 3. Owing to the absence of the anterior horizontal ramus volumes could not be computed for 6 healthy volunteers, 2 patients with schizophrenia without cannabis use and 1 patient with schizophrenia with cannabis use. 3. Owing to the absence of the anterior horizontal ramus volumes could not be computed for 6 healthy volunteers, 2 patients with schizophrenia without cannabis use and 1 patient with schizophrenia with cannabis use. * *P P5 50.05; ** 0.05; **P P5 50.01. 0.01.
DISCUSSION DISCUSSION
Understanding the relationship between Understanding the relationship between prefrontal grey matter and cannabis use in prefrontal grey matter and cannabis use in schizophrenia may have important implicaschizophrenia may have important implications for improving our understanding of tions for improving our understanding of the potentially deleterious effects of these the potentially deleterious effects of these substances on brain structure in this dissubstances on brain structure in this disorder. Using methods for cortical parcellaorder. Using methods for cortical parcellation of the prefrontal cortex based on the tion of the prefrontal cortex based on the sulcal anatomy, we report that patients exsulcal anatomy, we report that patients experiencing a first episode of schizophrenia periencing a first episode of schizophrenia who have a history of cannabis use have who have a history of cannabis use have less anterior cingulate grey matter comless anterior cingulate grey matter compared with similar patients who do not pared with similar patients who do not use cannabis and with healthy volunteers. use cannabis and with healthy volunteers. We obtained similar findings when we We obtained similar findings when we excluded patients with substance use diagexcluded patients with substance use diagnoses other than cannabis abuse or noses other than cannabis abuse or dependence from analysis. dependence from analysis.
Other studies Other studies
Little research has been directed at Little research has been directed at understanding the relationship between understanding the relationship between cannabis use and brain structure, especially cannabis use and brain structure, especially in schizophrenia, and thus it is difficult to in schizophrenia, and thus it is difficult to compare our findings with prior work. In compare our findings with prior work. In a structural neuroimaging study Cahn a structural neuroimaging study Cahn et et al al (2004) did not identify differences in (2004) did not identify differences in total grey-and white-matter volumes betotal grey-and white-matter volumes between patients with recent-onset schizotween patients with recent-onset schizophrenia comorbid with cannabis abuse or phrenia comorbid with cannabis abuse or dependence and patients with no cannabis dependence and patients with no cannabis use, but did not examine discrete frontal use, but did not examine discrete frontal cortical regions. Several studies reported cortical regions. Several studies reported grey-matter structural alterations in cannagrey-matter structural alterations in cannabis users, however, and this may have relebis users, however, and this may have relevance for the findings reported here. For vance for the findings reported here. For example, Matochik example, Matochik et al et al (2005) reported (2005) reported that individuals who used cannabis had that individuals who used cannabis had lower grey-matter density in the right paralower grey-matter density in the right parahippocampal gyrus and greater density hippocampal gyrus and greater density bilaterally near the precentral gyrus and bilaterally near the precentral gyrus and right thalamus compared with those who right thalamus compared with those who did not. In addition, Wilson did not. In addition, Wilson et al et al (2000) re- (2000) reported lower whole-brain grey-matter volported lower whole-brain grey-matter volume among individuals who started using ume among individuals who started using cannabis before age 17 years compared cannabis before age 17 years compared with individuals who started using cannabis with individuals who started using cannabis later. Moreover, the use of other illicit sublater. Moreover, the use of other illicit substances such as cocaine has been linked to stances such as cocaine has been linked to anterior cingulate grey-matter structural anterior cingulate grey-matter structural alterations (Franklin alterations (Franklin et al et al, 2002; Matochik , 2002; Matochik et al et al, 2003) . , 2003) . The anterior cingulate is believed to The anterior cingulate is believed to play an important part in mediating execuplay an important part in mediating executive functions, including set-shifting and tive functions, including set-shifting and response inhibition, which have been reresponse inhibition, which have been reported to be abnormal among individuals ported to be abnormal among individuals who use cannabis (Gruber & Yurgelunwho use cannabis (Gruber & YurgelunTodd, 2005) . Several studies reported Todd, 2005) . Several studies reported aberrant anterior cingulate activity among aberrant anterior cingulate activity among cannabis users while performing the Stroop cannabis users while performing the Stroop task, which requires the ability to inhibit task, which requires the ability to inhibit prepotent tendencies to respond (Eldreth prepotent tendencies to respond (Eldreth et al et al, 2004; Gruber & Yurgelun-Todd, , 2004; Gruber & Yurgelun-Todd, 2005) . It is also noteworthy that abnormal 2005). It is also noteworthy that abnormal anterior cingulate activity was also reported anterior cingulate activity was also reported in cannabis users while performing a moin cannabis users while performing a motor sequencing task (Pillay tor sequencing task (Pillay et al et al, 2004) , 2004) and in individuals exposed to marijuana and in individuals exposed to marijuana prenatally (Smith prenatally (Smith et al et al, 2004) . People , 2004) . People who are substance users also find it diffiwho are substance users also find it difficult to inhibit their own actions as workcult to inhibit their own actions as working memory demands increase (Hester & ing memory demands increase (Hester & Garavan, 2004) , and individuals who use Garavan, 2004) , and individuals who use cannabis may need the anterior cingulate cannabis may need the anterior cingulate to 'work harder' to complete task deto 'work harder' to complete task demands (Kanayama mands (Kanayama et al et al, 2004) . Drug , 2004) . Drug craving has also been linked with anterior craving has also been linked with anterior cingulate activity (Kilts cingulate activity (Kilts et al et al, 2001) and , 2001 ) and more specifically with attentional biases more specifically with attentional biases for cannabis-related stimuli (Field for cannabis-related stimuli (Field et al et al, , 2004) . 2004).
Implications Implications
Risky decision-making is considered inteRisky decision-making is considered integral to the phenomenology of drug use gral to the phenomenology of drug use (Fishbein (Fishbein et al et al, 2005) and such decisions , 2005) and such decisions are intimately linked with reward and are intimately linked with reward and punishment, which is mediated by neural punishment, which is mediated by neural systems involving the anterior cingulate systems involving the anterior cingulate (Shidara & Richmond, 2002) . Patients with (Shidara & Richmond, 2002) . Patients with schizophrenia who use cannabis may have schizophrenia who use cannabis may have deficits in the ability to balance rewards deficits in the ability to balance rewards and punishments, which could contribute and punishments, which could contribute to drug-taking behaviour. Specifically, peoto drug-taking behaviour. Specifically, people who use cannabis tend to make deciple who use cannabis tend to make decisions based on large immediate gains in sions based on large immediate gains in spite of more costly losses (Whitlow spite of more costly losses (Whitlow et al et al, , 2004) . Among drug users, risky choices 2004). Among drug users, risky choices during a decision-making test were assoduring a decision-making test were associated with abnormal metabolic activity in ciated with abnormal metabolic activity in the anterior cingulate (Tucker the anterior cingulate (Tucker et al et al, 2004 (Tucker et al et al, ), , 2004 ), which may partly form the neuroanatomiwhich may partly form the neuroanatomical, substrate of choosing risky outcomes. cal, substrate of choosing risky outcomes. Our results are compatible with the hypothOur results are compatible with the hypothesis that grey-matter structural alterations esis that grey-matter structural alterations involving the anterior cingulate in patients involving the anterior cingulate in patients with schizophrenia using cannabis could with schizophrenia using cannabis could be associated with poor decision-making be associated with poor decision-making and partly mediate the compulsive drive and partly mediate the compulsive drive towards drug use (Adinoff, 2004) . towards drug use (Adinoff, 2004) .
We did not observe significant differWe did not observe significant differences between the group with first-episode ences between the group with first-episode schizophrenia with no history of cannabis schizophrenia with no history of cannabis use and the healthy volunteer group in use and the healthy volunteer group in any of the prefrontal grey-matter or any of the prefrontal grey-matter or white-matter volumes. One potentially imwhite-matter volumes. One potentially important consideration in the assessment of portant consideration in the assessment of brain structure in schizophrenia, however, brain structure in schizophrenia, however, is illness duration, especially given some is illness duration, especially given some evidence that grey-matter deficits in schizoevidence that grey-matter deficits in schizophrenia are progressive (Mathalon phrenia are progressive (Mathalon et al et al, , 2001; Cahn 2001; Cahn et al et al, 2002; Pantelis , 2002; Pantelis et al et al, , 2003) and that such deficits occur only 2003) and that such deficits occur only after the first few years following illness after the first few years following illness onset (Molina onset (Molina et al et al, 2004) . It is therefore , 2004). It is therefore conceivable that prefrontal grey-matter conceivable that prefrontal grey-matter structural alterations might become apparstructural alterations might become apparent later in the course of schizophrenia, at ent later in the course of schizophrenia, at least in our cohort of patients without least in our cohort of patients without cannabis use. In addition, it would be cannabis use. In addition, it would be helpful to elucidate the potential effects of helpful to elucidate the potential effects of cannabis on the anterior cingulate in cannabis on the anterior cingulate in longitudinal studies, especially given that longitudinal studies, especially given that this region has been implicated in the this region has been implicated in the transition to psychosis (Pantelis transition to psychosis (Pantelis et al et al, 2003) . , 2003). 
Limitations Limitations
There were several limitations to our study There were several limitations to our study that should be acknowledged. One potenthat should be acknowledged. One potential limitation is the extensive amount tial limitation is the extensive amount of of time required to outline the frontal lobe time required to outline the frontal lobe regions of interest. An alternative apregions of interest. An alternative approach might be the use of voxel-based proach might be the use of voxel-based morphometry, although this method remorphometry, although this method requires brain normalisation and smoothing, quires brain normalisation and smoothing, which could result in the loss of inforwhich could result in the loss of information if abnormalities are subtle and locamation if abnormalities are subtle and localised to small regions. Also, there are lised to small regions. Also, there are inherent challenges in using sulcal anatomiinherent challenges in using sulcal anatomical features as the boundaries of regions of cal features as the boundaries of regions of interest, given their heterogeneous preseninterest, given their heterogeneous presentation; however, we believe that this aptation; however, we believe that this approach provides greater cytoarchitectonic proach provides greater cytoarchitectonic validity compared with methods based on validity compared with methods based on invariant landmarks not appearing on the invariant landmarks not appearing on the cortical surface. In addition, qualitative cortical surface. In addition, qualitative methods for mapping cingulate and paramethods for mapping cingulate and paracingulate morphology (Yucel cingulate morphology (Yucel et al et al, 2002) , 2002) may be useful in complementing the volumay be useful in complementing the volumetric approach described here. Another metric approach described here. Another potential limitation is the lack of a study potential limitation is the lack of a study group who used cannabis but did not have group who used cannabis but did not have schizophrenia, to test whether our findings schizophrenia, to test whether our findings were more generally associated with cannawere more generally associated with cannabis use. Moreover, given the cross-sectional bis use. Moreover, given the cross-sectional nature of this study, we could not deternature of this study, we could not determine whether anterior cingulate greymine whether anterior cingulate greymatter volume deficits predispose patients matter volume deficits predispose patients to use cannabis or whether these deficits to use cannabis or whether these deficits are a consequence of cannabis use. are a consequence of cannabis use. (1997) 
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